We present photometric and spectroscopic follow-up observations of the highly luminous Type Ibn supernova ASASSN-14ms, which was discovered on UT 2014-12-26.61 at m V ∼ 16.5. With a peak absolute V -band magnitude brighter than −20.5, a peak bolometric luminosity of 1.7 × 10 44 ergs s −1 , and a total radiated energy of 2.1 × 10 50 ergs, ASASSN-14ms is one of the most luminous Type Ibn supernovae yet discovered. In simple models, the most likely power source for this event is a combination of the radioactive decay of 56 Ni and 56 Co at late times and the interaction of supernova ejecta with the progenitor's circumstellar medium at early times, although we cannot rule out the possibility of a magnetar-powered light curve. The presence of a dense circumstellar medium is indicated by the intermediate-width He I features in the spectra. The faint (m g ∼ 21.6) host galaxy SDSS J130408.52+521846.4 has an oxygen abundance below 12 + log(O/H) 8.3, a stellar mass of M * ∼ 2.6 × 10 8 M , and a star formation rate of SFR ∼ 0.02 M yr −1 .
INTRODUCTION
A particularly interesting group of supernovae (SNe) are the Type IIn and Type Ibn events. These SNe are characterized by the presence of narrow or intermediate-width hydrogen (IIn) and helium (Ibn) emission features in their spectra (Filippenko 1997; Pastorello et al. 2008a) . Their unusual spectra are probably due to interaction between the supernova ejecta and a relatively dense circumstellar medium (CSM) surrounding the progenitor star. As such, they provide valuable insight into the progenitor star by probing its mass-loss rate and composition immediately prior to explosion (Schlegel 1990; Hosseinzadeh et al. 2017 ).
Although there is some evidence that the historical M31 supernova SN 1885A was a SN Ibn (Pastorello et al. 2008a ), the first clear detection of narrow helium emission lines in the spectra of a hydrogen-deficient (Type Ib/c) supernova was reported for SN 1999cq by Matheson et al. (2000) . In the ensuing years, a number of additional events showing similar He I emission features were discovered (SN 2000er and SN 2002ao, Pastorello et al. 2008a SN 2006jc, Foley et al. 2007 , and the small class of objects were termed Type Ibn supernova by Pastorello et al. (2008a) . With our addition of ASASSN-14ms, there are now ∼ 30 such events known (Hosseinzadeh et al. 2017; Shivvers et al. 2016; Prieto et al. 2014; Smartt et al. 2016; Gorbikov et al. 2014 ). There are also two examples of transitional cases that show strong narrow/intermediate-width emission features of both hydrogen and helium (SN 2005la, Pastorello et al. 2008b SN 2011hw, Smith et al. 2012 ). These transitional case events seem to be rare even compared to the small numbers of SNe Ibn.
The archetypal SNe Ibn is SN 2006jc, the most wellstudied member of this class of transients (Anupama et al. 2009; Hosseinzadeh et al. 2017; Pastorello et al. 2008a Pastorello et al. , 2007 . Nakano et al. (2006) noted that SN 2006jc was spatially coincident with a weaker optical transient which had been observed two years earlier. One potential explanation is the explosion of a Wolf-Rayet star that had either recently undergone a Luminous Blue Variable (LBV) like outburst or had a massive LBV binary companion (Pastorello et al. 2007) . Such scenarios would be consistent with the idea that the progenitors of Type Ib/c supernovae are massive stars (MZAMS 8M ).
Among SNe Ibn, Hosseinzadeh et al. (2017) further distinguish between the "P Cygni" and "emission" subclasses based on differences in the early spectra. Events in the P Cygni subclass are characterized by the presence of narrow P Cygni profiles in their spectra, while those in the emission subclass are dominated by broader emission lines. Virtually all known SNe Ibn fall into one of these two subclasses, with approximately half of the total population falling into each classification. It is currently unclear whether these distinctions trace two different CSM configurations or a continuum of CSM properties.
Here, we describe the discovery and follow-up observations of the highly luminous Type Ibn supernova ASASSN14ms and present simple physical models for its unusual light curve. In Section 2 we describe the discovery of this transient by ASAS-SN, report the results of our photometric and spectroscopic follow-up observations, and also briefly discuss the spectroscopic characteristics of its faint host galaxy, SDSS J130408.52+521846.4 at z=0.054. In Section 3 we compare the photometric and spectroscopic observations of ASASSN14ms to those of other SNe Ibn. In Section 4 we briefly describe a few simple physical light curve models and then use these models to fit the observed light curve of ASASSN14ms. In Section 5 we discuss our conclusions.
OBSERVATIONS AND ANALYSIS

Discovery
ASASSN-14ms was discovered by the All-Sky Automated Survey for Supernovae (ASAS-SN; Shappee et al. 2014; Holoien et al. 2017) in images obtained on JD 2457018.11 (UT 2014-12-26 .61) at J2000 R. A. 13 h 04 m 08. s 69 and Decl. +52
• 18'46. 5. These images were obtained using the quadruple 14cm ASAS-SN telescope Brutus, which is deployed at the Haleakala station of the Las Cumbres Observatory Global Telescope Network (LCOGT; Brown et al. 2013) . Its discovery was confirmed two days later by amateur astronomer S. Kiyota using a Planewave CDK 0.61m telescope located at the Sierra Remote Observatory (Kiyota et al. 2014) . Photometry obtained on JD 2457018.11 gave an apparent V -band magnitude of 16.5 mag, and the transient was not detected in images obtained on JD 2457007.10 (UT 2014-12-15.60) and earlier down to a limiting magnitude of V ∼ 17.5 mag.
ASASSN-14ms is located ∼ 1. 1 South and ∼ 0. 8 East of the center of SDSS J130408.52+521846.4. Prior to this work, no spectra of this galaxy were publicly available. A follow-up spectrum obtained using the Multi-Object Double Spectrographs (MODS; Pogge et al. 2010 ) on the Large Binocular Telescope indicates that the host galaxy has a redshift of z=0.0540. Adopting H0 = 69.6 and ΩM = 0.286 and assuming a flat universe yields a luminosity distance of 242 Mpc (Wright 2006) . The host galaxy spectrum is discussed in greater detail in Subsection 2.4.
Photometry
Photometric observations were obtained over the course of 110 days following the discovery of ASASSN-14ms. The supernova remained bright enough to be detected in ASAS-SN images for nearly a month after discovery. ASAS-SN images are processed in an automated pipeline using the ISIS image subtraction package (Alard & Lupton 1998; Alard 2000) . Using the IRAF apphot package, we performed aperture photometry on the subtracted images and then calibrated the results using the AAVSO Photometric All-Sky Survey (APAS; Henden et al. 2015) .
We obtained g-band images using the 1m Las Cumbres Observatory telescope deployed at McDonald Observatory, and V -band images from a 0.25m telescope at the Antelope Hills Observatory operated by R.A. Koff. Most of the post-maximum photometry was obtained using the 2m Liverpool Telescope (LT; Steele et al. 2004 ) at the Observatorio del Roque de los Muchachos, which provided griz observations spanning nearly 80 days. All images were reduced after bias/dark-frame and flat-field corrections. We extract the photometry using the IRAF apphot package, and the photometric calibrations are performed using APASS for V -band and the first data release of Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Flewelling et al. 2016) for SDSS g, r, i and z bands. In order to correct for the host galaxy contribution, we performed image subtraction on the LT observations using images of the host obtained long after the supernova faded (April 2017). We note that for the last three epochs of photometric observations the supernova is several magnitudes dimmer than the host, making the photometry somewhat suspect.
We also obtained images in the U , B, V , U V W 1, U V W 2 and U V M 2 bands with Swift's Ultraviolet Optical Telescope (UVOT; Roming et al. 2005) . The Swift/UVOT photometry is extracted using a 5. 0 aperture and a sky annulus with an inner radius of 15. 0 and an outer radius of 30. 0 with the uvotsource task in the heasoft package. The Swift/UVOT photometry is calibrated in the Vega magnitude system based on Breeveld et al. (2011) . We note that typical offsets between the Swift V -band and Johnson V -band photometry are small (∼ 0.05 mag; Godoy-Rivera et al. 2017), and we add a conservative estimate of the uncertainty introduced by the offset of 0.075 mag in quadrature to the measured photometric uncertainty. The ground-based photometry obtained for ASASSN-14ms is reported in Table 1, and the Swift photometry is reported in Table 2 . The complete set of photometry is presented in Figure 1 .
With a peak absolute V -band magnitude of −20.5 ± 0.1 mag, ASASSN-14ms is consistent with being the most luminous SNe Ibn yet discovered. The only other events to attain comparably high peak absolute V -band magnitudes are SN 2015U (PSN J07285387+3349106) and iPTF15ul, at approximately −20.3 mag (Pastorello et al. 2015d; Tsvetkov, Volkov & Pavlyuk 2015) and −20.8 mag (Hosseinzadeh et al. 2017) , respectively. Within published uncertainties, the peak V -band magnitudes of all three events are consistent with one another, and significant uncertainties associated with estimating the host galaxy extinction for SN 2015U and iPTF15ul make it difficult to confidently determine which event is truly the most luminous at peak. ASASSN-14ms was detected relatively close to maximum light. As a result, the rise of the light curve is poorly characterized. Nevertheless, we can fit a simple expanding fireball model to this limited data to estimate the explosion date. The key assumption of the expanding fireball model is that the luminosity of the supernova should scale as f = α×(t−t0)
2 (Riess et al. 1999; Nugent et al. 2011) . We fit this functional form to the V -band fluxes and obtained an estimated explosion date of JD 2456998.0 (UT 2014-12-06.5). However, since this fit uses only a handful of points near the end of the rising phase it is unclear how accurate this value is.
To estimate the date of maximum light, we calculated an uncertainty-weighted fit to the combined set of near-peak V -band observations using a third degree polynomial. This interpolation yields JD 2457025.7 ± 0.5 (UT 2015-01-03) for the epoch of maximum light and a maximum apparent Vband magnitude of 16.4. We will reference our observations to this date.
We estimate bolometric luminosities using a Markov Chain Monte Carlo (MCMC) routine to fit a blackbody curve to the observed spectral energy distribution. We first fit the dates with sufficient filter coverage (i.e., dates with Swift and LT observations) to produce well-constrained temperature estimates. We then built a temperature prior by fitting a fifth degree polynomial to these constrained temperature estimates. For photometry obtained within the range of the Swift and LT observations we simply take this polynomial interpolation to be the temperature prior. For the handful of pre-maximum V -band observations without multifilter coverage we use a constant temperature prior equal to the 17,300 K value determined for the earliest date Swift observations in order to avoid extrapolation. The temperature prior is applied when fitting dates for which we have observations in less than four filters.
All photometry was corrected for a Galactic foreground extinction of E(B − V ) = 0.01 mag (Schlafly & Finkbeiner 2011 ) before being fit. The UV colors of the transient are relatively blue and we see no evidence of Na II absorption in the spectra, so we make no additional correction for extinction in the host galaxy. The resulting bolometric light curve is shown with 1σ error estimates in Figure 2 . Uncertainties are shown for all points, although for many of the Swift and LT dates the symbols used to plot the data are larger than the uncertainties. The bolometric light curve of ASASSN-14ms is compared to those of other SNe Ibn in Section 3.
We can integrate the bolometric luminosity over time in the supernova rest frame to estimate that the total radiated energy is (2.1 ± 0.3) × 10 50 ergs. This is a lower limit since it does not include emission outside the time span of our observations. In Section 4 we discuss refinements to this estimate based on our semi-analytic physical models.
Spectroscopy
We obtained six optical spectra of ASASSN-14ms, all after maximum light, along with an optical spectrum of the host galaxy SDSS J130408.52+521846.4. The first three spectra were obtained at phases of +7 days, +11 days, and +12 days relative to the V -band peak using the Fast Spectrograph on the (1.5m) Tillinghast Telescope located at the Fred Lawrence Whipple Observatory (FAST; Fabricant et al. 1998; Tokarz & Roll 1997) . Two spectra were obtained using the Multi-Object Double Spectrographs mounted on the 8.4m Large Binocular Telescope (MODS; Pogge et al. 2010) at phases of +18 and +44 days. The sixth spectrum was obtained at a phase of +39 days using The Ohio State MultiObject Spectrograph mounted on the 2.4m Hiltner Telescope at the MDM Observatory (OSMOS; Martini et al. 2011) . Finally, a spectrum of the host galaxy was obtained using MODS long after the supernova had faded. This spectrum is discussed further in Section 2.4. These spectroscopic observations are summarized in Table 3 .
The MODS spectra (including that of the host galaxy) were reduced with a combination of the modsccdred 1 python package and the modsidl pipeline 2 . We performed aperture photometry on the r -band acquistion image to place the spectroscopic flux measurements on an absolute scale. In order to reduce the FLWO and MDM spectra we used standard techniques in IRAF to reduce the 2D images and to extract and calibrate the 1D spectra in wavelength and flux. Figure 3 ) in all of the spectra. We see five He I lines in the +7, +11, and +12 days FAST spectra (at 3889 Å, 4471 Å, 5016 Å, 5876 Å, and 6678 Å). In the noisier +39 days OSMOS spectrum we see only the He I 5876 Å feature clearly. In the +18 days and +44 days MODS spectra we again see the 4922 Å, 5876 Å, 6678 Å, and 7065 Å He I lines, but the 3889 Å feature can no longer be clearly detected. The FWHM of the He I emission features all lie within the range ∼1000 -2000 km/s, which is consistent with the narrow/intermediate width He I features identified in other SNe Ibn. Only weak Hα signatures are seen in the spectra. This is consistent with the spectra of other SNe Ibn, as we discuss in Section 3.
The greater wavelength coverage of the two MODS spectra allows us to identify several ions not detected in the FAST and OSMOS spectra, namely Ca II, O I, and Mg II. The strength of the emission lines for these three ions is stronger in the +44 days spectrum than in the +18 days spectrum. In both MODS spectra we see strong emission from the near-IR Ca II triplet, as well as from the O I 7774 Å triplet. There are also emission signatures from the Mg II 7877 Å and 7896 Å lines, although these are not as distinct. Confident identification of Mg II is complicated by The inferred photospheric expansion velocity, estimated by measuring the absorption minimum of P-Cygni profiles in the spectra, increases with time. From several of the strong He I features (4471 Å, 5016 Å, 5876 Å, and 6678 Å) we find that the three FAST spectra (phases +7, +11, and +12 days) exhibit comparable expansion velocities of approximately 1,200-1,600 km/s. In the phase +18 days spectrum, we estimate the expansion velocity from the He I 4471 Å and 5876 Å features and find that it has increased to 2,000-2,300 km/s. For the +39 days OSMOS spectrum we are limited to measuring the He I 5876 Å feature, but the 3,700-4,000 km/s velocity estimate we obtain is consistent with that measured for the +44 days MODS spectrum using the O I 7774 Å, Ca II 8498 Å, and He I 5876 Å features. This increasing expansion velocity is likely the result of the supernova ejecta shocking and accelerating the surrounding CSM. 
Host Galaxy SDSS J130408.52+521846.4
In order to constrain the properties of the host galaxy SDSS J130408.52+521846.4, we performed a search of archival databases.We retrieved the archival ugriz model magnitudes from the Twelfth Data Release of the Sloan Digital Sky Survey (SDSS; Alam et al. 2015) . The host was also detected in the NUV filter by the Galaxy Evolution Explorer (GALEX; Martin et al. 2005 ). The host is not significantly spatially extended on the sky, so there is no worry that the cataloged magnitudes sample drastically different spatial scales. The host is too faint to be detected in the 2MASS or WISE surveys, and there are no archival Spitzer, Herschel, HST, Chandra, or X-ray Multi-Mirror Mission (XMM-Newton) observations of the host galaxy. There are also no associated radio sources in the FIRST (Becker, White & Helfand 1995) or NVSS (Condon et al. 1998) . We also obtained a late-time LBT MODS spectrum long after the transient had faded (at phase +876 days) in order to assess the spectroscopic properties of the host. The spectrum is continuum dominated, and shows only weak nebular emission features. However, we are able to cleanly detect the Hα emission line (EW∼ 14.8Å). We determine the redshift of the host to be z = 0.054, corresponding to a luminosity distance of 242 Mpc. The Hα luminosity (LHα ∼ 3.3 × 10 5 L ) corresponds to a star formation rate of ∼ 9.8×10 −3 M yr −1 (Kennicutt 1998 ). There is a marginal detection of the N II λ6583 line, which we use to place an approximate upper limit on the metalliticy of the host galaxy. The line ratio is constrained to be N II λ6583/Hα 0.075, corresponding to an upper limit on the oxygen abundance of 12 + log(O/H) 8.3 (Pettini & Pagel 2004) . This places SDSS J130408.52+521846.4 near the lower end of the 12+log(O/H) dex distribution for SNe Ibn host galaxies (Pastorello et al. 2015b; Taddia et al. 2015) .
COMPARISON TO OTHER TYPE IBN SUPERNOVAE
We compare spectra of ASASSN-14ms to those of other SNe Ibn in Figure 4 . Here the spectra are corrected for Galactic extinction using the extinction coefficient data from the Schlafly & Finkbeiner (2011) There is a good deal of spectral diversity in the Ibn class at early times (Hosseinzadeh et al. 2017) , and ASASSN14ms does not seem to be an exception. The presence of He I P Cygni profiles in its spectrum and the ∼1300 km/s FWHM of their emission components places ASASSN-14ms in the P Cygni subclass of SNe Ibn, like SN 2000er, but its continuum shape seems to more closely resemble that of SN 2006jc and iPTF14aki, both of which are in the emission subclass. At late times, however, ASASSN-14ms generally resembles other SNe Ibn. At this phase the P Cygni absorption components of events in the P Cygni subclass have weakened, and the continuum slopes have all flattened considerably. Strong emission from the Ca II triplet (the blue vertical lines in Figure 4 ) as well as moderate strength O I and Mg II emission features (the cyan and brown vertical lines in Figure 4 , respectively) are also general features of late-time SNe Ibn spectra, and ASASSN-14ms exhibits them as well. The similarity of ASASSN-14ms to SN 2006jc and SN2002ao at this phase is particularly strong, including the development of a narrow Hα emission line. Thus, from a spectroscopic standpoint, ASASSN-14ms is not a particularly striking outlier among SNe Ibn. It is a little unusual in the early phases when the class is broadly spectroscopically heterogeneous, and it is fairly normal in the later phases when the class becomes broadly spectroscopically homogeneous.
Its light curve, however, is notably different. The bolometric light curve of ASASSN-14ms is shown in (Pastorello et al. 2008a) . We also include the Type Ibn light curve template from Hosseinzadeh et al. (2017) . The range of this template encompasses ∼ 95% of the photometric points used in their sample of 22 SNe Ibn and provides a good representation of typical SNe Ibn bolometric light curve properties.
The ASASSN-14ms light curve is notably broader than other SNe Ibn. This is indicative of a longer diffusion timescale and a considerably higher total radiated energy. Unlike OGLE-2012-SN-006, another unusually luminous member of this class, ASASSN-14ms does not exhibit an abnormally slow late-time decline and decays at a rate typical of other SNe Ibn. What makes ASASSN-14ms particularly unusual within the SNe Ibn class is its extreme luminosity.
The stark contrast in luminosity is clearly illustrated in Figure 5 . OGLE-2012-SN-006 and ASASSN-15ed are considered to be examples of unusually luminous SNe Ibn, and yet the peak luminosities for both lie within the upper limit of the Ibn template of Hosseinzadeh et al. (2017) . The peak luminosity of ASASSN-14ms, on the other hand, is a factor of ∼ 6 above this upper limit, and the light curve remains a factor of ∼ 3 brighter than the template upper limit even at 70 days after maximum light. In terms of luminosity, ASASSN14ms is a clear outlier among SNe Ibn.
A likely explanation is that ASASSN-14ms is hotter than other SNe Ibn. At comparable phases (∼ 12 days), SN 2006jc and SN 2010al have U − B color indices of −0.7 and −0.8, respectively (Pastorello et al. 2008b; Moriya & Maeda 2016 ). Although we do not have Swift observations of that epoch for ASASSN-14ms, making the comparison imperfect, its near-maximum U −B color index is −1.3, indicating that it is considerably hotter than these events. Furthermore, we have g-and r -band observations for ASASSN-14ms obtained at phases (∼ 15 days) comparable to those obtained for ASASSN-15ed by Pastorello et al. (2015c) . At this epoch, ASASSN-14ms and ASASSN-15ed have g − r color indices of −0.03 and 0.3, respectively, which is also consistent with ASASSN-14ms being hotter than other SNe Ibn.
PHYSICAL LIGHT CURVE MODELS
Semi-analytic models have proven to be a useful tool for analyzing supernova light curves. In this section we compare several of these physically motivated models to ASASSN14ms in order to probe the physics of the explosion and better understand its unusual light curve. These relatively simple models allow us to make reasonable estimates for the explosion parameters in a variety of potential light curve powering scenarios, and provide a basis for estimating the likelihood of each scenario. We consider three distinct powering sources: the radioactive decay of 56 Ni produced during the initial explosion, the deposition of energy into the ejecta by magnetar spin down, and the interaction of ejecta with circumstellar material. We also consider model light curves that implement combinations of these power sources. All models are fit in the rest frame of the supernova, and we exclude the final three epochs of data from our analysis because the supernova is only marginally detected in the host-subtracted photometry.
We present the functional forms of the semi-analytic models we use in the following subsections. These brief descriptions are not intended to constitute a thorough review of light curve modeling techniques, nor are they intended to constitute derivations of the models. Rather, we present these forms to facilitate replication of our results and the implementation of similar analyses in the future. For an indepth review of the derivations and physical assumptions of these models please see the citations therein.
We also emphasize that we do not perform a rigorous exploration of the entire parameter space associated with these models, nor do we explore the entire range of potential power sources or power source combinations. For instance, we consider only the combination of CSM interaction and radioactive decay. In principle, any combination of these power sources could contribute to the observed light curve. The aim is only to explore physically plausible scenarios to identify parameter combinations that can explain the unusual light curve of ASASSN-14ms. . The bolometric light curve of ASASSN-14ms compared with several physical models. The black curve is a model powered solely by the radioactive decay of 56 Ni and 56 Co. The blue curve is a model powered solely by the spin down of a magnetar. The gray curve is a model powered by a combination of CSM-interaction, which dominates at early times, and radioactive decay, which dominates at late times. Note that the radioactive decay model requires the unphysical condition that M N i > M ej . The other two models utilize physically plausible parameters. Note that, while all models are fit in the rest frame of the supernova, they are presented here in the observed frame. The fits did not include the last three epochs because of uncertainties in correcting for the flux of the host galaxy.
Radioactive Decay Model
Semi-analytic modeling techniques for the powering of supernova light curves by the radioactive decay of 56 Ni and 56 Co have been in use for some time (Arnett 1982) . Here we implement a slightly modified form of the equations presented by Cano (2013) where we account for possible gamma-ray leakage with the addition of a (1 − e
) factor. This factor is related to the gamma-ray optical depth and opacity of the ejecta via the expression τγ = κγρR = Aγt −2 (Chatzopoulos et al. 2013) . Larger values of Aγ correspond to less gamma-ray leakage. We briefly consider radioactive decay models with complete gamma-ray trapping, but we find that such models are far more luminous (by a factor of ∼ 30) at late-times than the observed light curve and do not consider them further.
The luminosity of the model is determined by
where β 13.8 is a constant of integration (Arnett 1982) , c is the speed of light, Mej is the ejecta mass, κ is the opacity of the ejecta, vej is the ejecta velocity, and τm is the effective diffusion time. The decay times of 56 Ni and 56 Co are τNi=8.77 days and τCo=111.3 days (Taubenberger et al. 2006; Martin 1987) , and the rates of energy release for 56 Ni and 56 Co are N i = 3.90 × 10 10 ergs s −1 g −1 and Co = 6.78 × 10 9 ergs s −1 g −1 (Sutherland & Wheeler 1984; Cappellaro et al. 1997) . Like Cano (2013) and Karamehmetoglu et al. (2017) , we adopt an opacity of κ = 0.07 cm 2 g −1 , which is a reasonable value for electron scattering in hydrogen-free ejecta (Chugai 2000; Chevalier 1992) .
We also include a time offset parameter to account for the uncertainty in our explosion date estimates from Section 2.2. Since we cannot measure the ejecta velocity directly in our observed spectra due to the presence of the CSM, we adopt a value of vej = 7, 000 km/s, consistent with observations of ASASSN-15ed (Pastorello et al. 2015c) . By assuming this value for vej, we reduce the complexity of this model to four fitting parameters: Mej, MNi, Aγ, and the explosion date. A best fit is then obtained by calculating a grid of models in this four dimensional parameter space and finding the model with the lowest χ 2 value. The result is shown by the black curve in Figure 6 . The physical parameters are Mej = 0.85M , MNi = 25.7M , and Aγ = 1.66 × 10 12 s 2 . Of the physical models we explored, this pure radioactive decay model produces the worst fit. Furthermore, the only way this model can reproduce the observed high peak luminosity is with MNi > Mej, an unphysical condition. We also considered opacities up to 0.2 cm 2 g −1 and larger values of vej (up to 20,000 km/s) but find that such models still cannot produce good fits with physically reasonable parameters. Thus, although we know that some 56 Ni must have been produced in the supernova explosion, its radioactive decay can be confidently ruled out as the primary power source for the light curve.
Magnetar Spin Down Model
In this work we implement the magnetar spin down model of Inserra et al. (2013) . We use simplified forms of the equations therein that have been informed by those presented by Chatzopoulos et al. (2013) . Under the simplifying assumption of uniform ejecta density E k = 3Mejv 2 ej /10, where E k is the supernova's kinetic energy, Mej is the ejecta mass, and vej is the ejecta velocity. The luminosity of the model is then described by τm = (6/5) (1 + yz) 2 dz .
The variables τm, β, and κ are the same as in the radioactive decay model, and we again adopt κ = 0.07 cm 2 g −1 . The magnetar is described by its characteristic spin down timescale, τp, the strength of its magnetic field, B14, in units of 10 14 G, and its initial rotational period, Pms, in units of ms. We again include an explosion date offset parameter in our implementation of this model.
While the model fits improve with shorter initial rotation periods, we choose to limit our models to Pms = 1.0 ms, in order to be consistent with the theoretical limits on magnetar periods calculated by Metzger et al. (2015) . For this model we fit vej as a fitting parameter with values constrained to be between 5,000 and 20,000 km/s, leading to a model with four fitting parameters: Mej, vej, B14, and the explosion date. We again calculate a grid of models in this four dimensional parameter space and obtain a best fit by selecting the model with the lowest χ 2 value. The result for this model is shown by the blue curve in Figure 6 . The physical parameters are Mej = 3.29M , vej = 14, 000 km/s, B = 17.2 × 10 14 G, and the imposed P = 1.0 ms value. The model reproduces the observed light curve fairly well, and unlike the pure radioactive decay model, none of the parameters are obviously unphysical.
Although this model produces a fit in reasonable agreement with the observed light curve, there is little other evidence to support the hypothesis that ASASSN-14ms is powered by a magnetar. Furthermore, although it is not completely unphysical, a 1 ms initial spin period approaches theoretical limits, and models with considerably slower initial rotation do not match the bolometric light curve as well. As such, while we cannot rule out this model, we will focus instead on considering the contribution of CSM interaction, for which we have compelling spectroscopic evidence.
Circumstellar Material Interaction Model
We use the CSM-interaction model of Chatzopoulos, Wheeler & Vinko (2012) and Chatzopoulos et al. (2013) , which is based on the work of Chevalier (1982) and Chevalier & Fransson (1994) . This particular formulation is a hybrid model combining radioactive decay plus circumstellar interactions (hence the two integrals in the expression for LCSM below), but it can trivially be reduced to a purely CSM-interaction model by setting MNi = 0.
This model utilizes a CSM density profile of the form ρCSM = qr −s . The exponent s of the power-law is commonly set either to 0 (constant density CSM) or 2 (steady-wind CSM). The scaling factor q is defined by q = ρCSM,1R s p , where Rp is the radius of the progenitor star and ρCSM,1 is the density of the circumstellar medium immediately beyond this stellar radius.
This model assigns a double power-law density profile to the supernova ejecta of the form ρSN = g n t n−3 r −n . The power-law exponent of the steeper outer component of the supernova ejecta is given by n (with values of 6 to 14 being typical, as used by Chevalier (1982) ), while that of the inner component is given by δ (and is typically set to either 0 or 2). The scaling factor g n , the total radius of the CSM, RCSM , and the photospheric radius, R ph , are given by
, and (9)
Here, ESN denotes the total supernova energy, MCSM is the mass of circumstellar material, and Mej is the ejecta mass. The values of the constants A (which differs from the gamma-ray leakage parameter Aγ), βF , and βR are dependent on the values of n and s and can be found in Table 1 of Chevalier (1982) , where βF = R1/Rc and βR = R2/Rc. We adopt the assumptions used by Karamehmetoglu et al. (2017) when modeling the SN Ibn OGLE-2014-SN-131 and take s = 0 and n = 12. The values of A, βF , and βR are then A = 0.19, βF = 1.121, and βR = 0.974.
The luminosity of this model is then set by
The first integral in this expression corresponds to the pure radioactive decay model described in Section 4.1 as LRD(t), including the gamma-ray leakage term. The time of initial interaction between the CSM and the supernova ejecta is ti = Rp/vSN , where the characteristic velocity of the supernova ejecta is vSN = [10(n − 5)ESN /(3(n − 3)Mej)] 1/2 /x0. Here, x0 is the dimensionless radius where the supernova ejecta density profile transitions from the inner profile (δ = 2) to the outer profile (n = 12), and we use x0 = 0.7. θ(tF S,BO −t ) and θ(tRS, * −t ) are Heaviside theta functions, and tF S, * and tRS, * are the forward shock and reverse shock termination timescales, respectively. We adopt the assumption of Chatzopoulos, Wheeler & Vinko (2012) that tF S,BO can be reasonably approximated by tF S, * when the optically thick component of the CSM mass (M CSM,th ) is used in the calculation. The shock termination times are then given by
(17) As in the other models, β 13.8 is a constant of integration from Arnett (1982) , c is the speed of light, and κ is the opacity. We adopt the assumption of Karamehmetoglu et al. (2017) that the opacity is 0.20 cm 2 g −1 . The diffusion timescale expressions used in the pure radioactive decay and magnetar spin down models are valid only for the supernova ejecta. In this model we adopt more general expressions, necessary for considering diffusion through the CSM. The diffusion timescale through the optically thick component of the CSM, and that through the sum of the ejecta mass and the optically thick CSM are given by
respectively. This model is considerably more complex than the others. As such, we do not attempt to calculate a true best fit and instead simply present an optimized manual fit.
We varied the numerous model parameters until we obtained a fit that reproduces the observed light curve reasonably well with physically justifiable input parameters. Excluding the three density profile exponents, there are seven fitting parameters: Mej, MCSM , MNi, Aγ, ESN , ρCSM,1, and the explosion date. We generate a grid of models in this seven dimensional parameter space around the values used to produce the initial manual fit and then select the model with the lowest χ 2 value. This fit is shown by the gray curve in Figure 6 . The physical parameters are Mej = 4.28M , MCSM = 0.51M , MNi = 0.23M , Aγ = 1.97 × 10 13 s 2 , ESN = 8.75 × 10 50 ergs, and ρCSM,1 = 3.18 × 10 −13 g/cm 3 . Such a large MNi would be unusual for a supernova with ESN < 10 51 ergs, but it is not dramatically unphysical. This model is able to reproduce the observed light curve extremely well across all epochs, although this may not be surprising given the number of fitting parameters. Still, the considerable spectral evidence for CSM interaction provides ample justification for its use. Considering both the spectral evidence and the quality fit of this physically reasonable model, we conclude that the light curve of ASASSN-14ms can be plausibly explained by a combination of CSM interaction (which dominates at early times) and radioactive decay (which dominates at late times).
Since this model reproduces the observed light curve well, we used it to make an estimate of the total radiated energy. Integrating this model over the rest-frame time period for which we have photometric observations yields a total radiated energy of 2.41 × 10 50 ergs, which is slightly larger than our more direct estimate of (2.1 ± 0.3) × 10 50 ergs. We can then expand this integral to calculate the total energy radiated from the time of initial explosion to 500 days later (when the supernova has faded to a negligible luminosity). Doing so, we obtain 2.66 × 10 50 ergs.
DISCUSSION AND CONCLUSIONS
We discuss the discovery of the highly luminous type Ibn supernova ASASSN-14ms and present follow-up observations spanning over one hundred days. This includes optical and UV photometry as well as 6 epochs of spectroscopy.
We have also presented a spectrum of the host galaxy SDSS J130408.52+521846.4, which previously had no publicly available spectroscopic observations. Spectroscopically, ASASSN-14ms is a broadly normal member of the Type Ibn supernova class. Its spectral features differ slightly from those of other SNe Ibn at early times, but the class as a whole is fairly heterogeneous at this stage. By late times, ASASSN-14ms settles into the typical spectroscopic behavior of a SN Ibn. However, its light curve is broader and considerably more luminous than that of a typical SNe Ibn, prompting us to investigate potential explanations for this peculiar feature.
After fitting three semi-analytic light curve models to the observed bolometric light curve, we conclude that it cannot be powered purely by the radioactive decay of 56 Ni. Such models require an unphysically large nickel mass (MNi > Mej). We conclude that a light curve powered purely by magnetar spin down is unlikely because such models require initial spin periods that are borderline unphysical and because we do not detect any observational signatures that indicate the formation of a magnetar. We note that the observed late-time behavior could likely be fit comparably well by magnetar spin down, but in the absence of other evidence for such a remnant we elected not to include this model.
A model light curve powered primarily by CSM interaction that includes the additional luminosity produced by the radioactive decay of a moderate amount of nickel (∼ 0.25M ) can reproduce the observed light curve of ASASSN-14ms quite well with physically reasonable input parameters. Although we cannot rule out a light curve powered by magnetar spin down, the CSM interaction model is well-motivated by the presence of intermediate-width He I emission features in the spectra of SNe Ibn (ASASSN-14ms included). Thus, we conclude that, although ASASSN-14ms is an unusually luminous member of the SNe Ibn class, it can plausibly be explained by CSM interaction and radioactive decay with no need to invoke more exotic sources of energy deposition.
